Objective: Subclinical hypothyroidism affects 5-15% of the general population, is especially prevalent in females, and may be associated with increased morbidity from cardiovascular disease, although it remains controversial. We recently reported a significant increase in the brachial-ankle pulse wave velocity (baPWV), a parameter of arterial stiffening and an independent predictor of cardiovascular events, in subclinical hypothyroidism without thyroiditis. The current study was performed to assess changes in baPWV in female subclinical hypothyroidism with autoimmune chronic thyroiditis (Hashimoto's disease) after restoration of normal thyroid function. Methods: In a randomized placebo-controlled study, 95 female subclinical hypothyroid patients were monitored for changes in baPWV before and after levothyroxine (L-T 4 ) replacement therapy. Changes in baPWV were also measured in 42 age-matched normal female subjects. Results: The baseline baPWV values in patients with subclinical hypothyroidism were significantly higher than in normal subjects. With attainment of euthyroidism, baPWV showed a significant decrease from 1776.7G86.0 to 1674.3G79.2 cm/s (PZ0.006) in patients treated with L-T 4 , but the changes in baPWV and TSH were not correlated. The change in baPWV was significantly and negatively correlated with age and baseline pulse pressure, but multiple regression analysis revealed that these parameters failed to be associated with the change in baPWV. Conclusions: Sustained normalization of thyroid function during L-T 4 replacement therapy significantly decreases baPWV in female subclinical hypothyroid patients with autoimmune chronic thyroiditis, suggesting the improvement of arterial stiffening and, consequently, possible prevention of cardiovascular disease.
Introduction
Subclinical hypothyroidism occurs in 5-15% of the population, is highly prevalent in women over 60 years of age (1) , and may be a risk factor for aortic atherosclerosis and myocardial infarction (2, 3) , although it remains controversial. Accelerated atherosclerosis in subclinical hypothyroidism occurs due to multiple mechanisms, including increased diastolic blood pressure (DBP) (4) and dyslipidemia (5, 6) . Recent studies have shown that patients with subclinical hypothyroidism have a higher intima-media thickness (IMT) of the carotid artery, and increased left ventricular dysfunction at rest and systolic dysfunction on effort, which are risk factors for both atherosclerosis and myocardial infarction (7, 8) . These factors can be improved by normalization of thyroid function with levothyroxine (L-T 4 ) replacement therapy (7, 8) .
We recently found a significant increase in brachialankle pulse wave velocity (baPWV), a parameter of arterial stiffness (9) and an independent predictor of cardiovascular mortality (10) , in male and female subclinical hypothyroid patients without thyroiditis (11) . Moreover, baPWV is more likely to decrease in females than males after normalization of thyroid function by L-T 4 replacement therapy (12) , although not in a placebo-controlled study. This background prompted us to examine L-T 4 replacement therapy in female patients with subclinical hypothyroidism due to autoimmune chronic thyroiditis to determine i) whether baPWV might decrease after normalization of thyroid function and ii) which of a number of clinical variables including blood pressure, lipid profiles, thyroid hormone level, and pre-ejection time (PET)/left ventricular ejection time (ET) ratio, a parameter of systolic dysfunction reported to be increased in subclinical hypothyroidism (8) , has the greatest influence on baPWV during L-T 4 replacement.
Patients and methods
The study was approved by the ethical committee of Osaka City University Hospital. Written informed consent was obtained from each patient. Ninety-five consecutive patients with newly detected subclinical hypothyroidism due to chronic thyroiditis with antithyroglobulin or antithyroid peroxidase antibodies were enrolled during the 24-month period from June 2005 to May 2007 and randomly assigned to receive either L-T 4 replacement therapy (nZ48) or identical placebo tablets (nZ47) in a blinded manner. The duration of the therapy was 4.86G0.20 months, which is short but sufficiently long to assess the change in baPWV (13) .
Diagnosis of subclinical hypothyroidism was established based on the elevation of serum TSH to above the normal upper limit, with normal levels of serum free thyroxine (FT 4 ) and free triiodothyronine (FT 3 ). To confirm sustained subclinical hypothyroidism, thus excluding patients with a temporary condition such as that in recovery from a non-thyroidal illness, measurement of TSH was conducted at least twice (mean: 2.03 times) for 6 months before treatment. Moreover, to avoid confounding factors known to affect atherosclerosis, patients suffering from major diseases such as hypertension (13) , hyperlipidemia, diabetes mellitus or patients receiving other hormone replacement therapy (14) or taking any drugs that affect the lipid profile and atherosclerosis such as antihypertensive agents (13, 15) , lipid-lowering drugs (16), anti-platelet drugs (17) , and bisphosphonates including etidronate (18) were excluded from the study.
Normal control subjects who joined the Health-Check Program at Osaka City University Hospital were enrolled consecutively as age-matched controls and monitored for an average of 4.80G0.24 months. Normal controls had no history of thyroid disease, had neither goiter nor an autoimmune-antibody titer, and were in a euthyroid state.
The smoking index (daily number of cigarettes multiplied by the number of years of smoking) between subclinical hypothyroid patients and normal controls did not differ significantly and during this study individual smoking habit did not change.
Protocol for L-T 4 replacement therapy
Female subclinical hypothyroid patients in an untreated state were administered L-T 4 at an initial daily dose of 12.5 mg and serum levels of FT 4 , FT 3 , and TSH were checked every 4 weeks. When serum TSH was still above the normal upper limit, the dose of L-T 4 was increased serially to 18.75 mg/day, 25 mg/day, and maximally to 37.5 mg/day until TSH normalized (the average dose was 25.8 mg/day). The average length of treatment to achieve normal TSH level was 13.4G0.86 weeks since the onset of the L-T 4 replacement therapy, and the duration the patients had kept euthyroidism was 7.46G0.69 weeks before the second measurement of baPWV. None of the patients experienced side effects such as arrhythmia, angina pectoris, or hypertension that would have required withdrawal or reduction of the dose of L-T 4 . Patients taking placebo completed an identical protocol, with some given additional placebo tablets to maintain the blindness of the study.
Serum parameters
Blood was drawn just before performing ultrasonography after an overnight fast. Total cholesterol, triglyceride, and high-density lipoprotein (HDL) cholesterol levels were determined using an autoanalyzer, and the low-density lipoprotein (LDL) cholesterol level was calculated according to the formula of Friedewald et al. (19) . C-reactive protein (CRP) was measured using commercially available automated MAB, solid-phase, sandwich-type, enzyme immunoassay kits (Abbott Laboratories) (20) . Commercially available high-capacity, random access immunoassay kits were used to measure FT 4 , FT 3 , and TSH levels (Chiron Diagnostics Co., Walpole, MA, USA) (21) . Antithyroglobulin (Cosmic Co., Tokyo, Japan) and antithyroid peroxidase antibodies (Cosmic Co.) were also determined using commercially available kits (22) . Highly sensitive RIA system for antithyroid antibodies was employed in the present study. In this system, highly purified thyroglobulin and thyroid peroxidase were used as antigens. The serum concentrations of anti-thyroglobulin and antithyroid peroxidase antibodies more than 0.4 and 0.3 U/ml respectively were considered positive.
Pulse wave velocity
An automatic waveform analyzer (model BP-203RPE; Colin Co., Komaki, Japan) was used to measure pulse wave velocity (PWV) simultaneously with blood pressure, electrocardiogram, and heart sounds, as described previously (9, 11) . The reproducibility of the baPWV measurements was evaluated by repeating the measurements in 17 healthy subjects on two different occasions. The BP-203RPE analyzer measures baPWV on both sides simultaneously. Since the average coefficient of variation for baPWV was lower on the right side (1.7%) than on the left side (2.2%), baPWV on the right side was used as the representative value. The PET/ET ratio was calculated using the same automatic waveform analyzer (11, 23) .
Statistical analysis
Data are shown as meansGS.E.M. unless otherwise indicated. Statistical analysis was performed with statistics software (StatView version 5.0, SAS Institute, Cary, NC, USA). Differences in clinical factors among L-T 4 -treated patients and placebo patients and normal controls were examined using the two-tailed multiple t-test with Bonferroni correction. The difference in the pre-/postmenopausal ratio was analyzed by c 2 -test. The difference in mean values before and after normalization of thyroid function was assessed by a two-tailed Student's t-test for paired data. Spearman's rank correlation analysis was used to examine the relationships between the change in baPWV and other factors.
Stepwise multiple regression analysis with forward elimination was performed to assess independent variables associated with the change in baPWV, with the F value set at 4.0 at each step. P!0.05 were considered to be statistically significant.
Results

Baseline values of baPWV and clinical variables in patients treated with L-T 4 or placebo and in normal controls
The baseline values of baPWV and other factors in subclinical hypothyroid patients and normal controls are shown in Table 1 . All patients had serum TSH levels above the normal upper limit (7.25G0.69 in L-T 4 -treated patients versus 2.52G0.30 in normal controls, P!0.001), with serum FT 4 and FT 3 within the respective normal ranges. There were no significant differences in age, pre-/postmenopausal ratio (6/42 in L-T 4 -treated patients, 5/42 in placebos, 5/43 in normal controls), body mass index (BMI), and smoking index, systolic blood pressure (SBP) and DBP, pulse pressure and pulse rate, and PET/ET ratio among the three groups. Serum levels of total cholesterol, LDL and HDL cholesterol, triglyceride, and CRP did not differ significantly among the three groups. BaPWV was significantly higher in subclinical hypothyroid patients than in normal controls (1776.7G 86.0 in L-T 4 -treated patients versus 1414.2G58.6 in normal controls, P!0.001), as we have reported previously (11) .
The meansGS.D. of smoking index were 148G402, 108G742, and 98G368 in L-T 4 -treated patients, placebo patients, and normal controls respectively.
Correlation between baseline baPWV and other parameters in subclinical hypothyroid patients and normal subjects
The baPWV was significantly positively correlated with age, SBP and DBP, and pulse pressure in both subclinical hypothyroid patients and normal control subjects as we reported previously (11) (data not shown). In both groups, baPWV was not significantly correlated with FT 3 , FT 4 , and TSH, total, HDL, and LDL cholesterol, LDL/HDL ratio, CRP, and the PET/ejection time ratio. Fig. 1 . In 73.7% of the patients, baPWV decreased during therapy, but after normalization of thyroid function the mean baPWV was still higher than that of normal controls followed without medication for 5 months, as shown in Table 3 (P!0.001). Patients receiving placebo and normal controls showed no significant changes in baPWV after 5 months (Table 3) .
Correlation of changes in baPWV with those in TSH and FT 4 in patients treated with L-T 4
The changes in baPWV were not correlated with those in TSH and FT 4 in patients who received L-T 4 replacement therapy (rZK0.09; PZ0.69, rZ0.15; PZ0.54 respectively), although the change in FT 4 was not significant. Moreover, no significant correlation was found between the changes in baPWV and FT 4 values after treatment (rZK0.05; PZ0.82).
Correlation of the change in baPWV with baseline factors in patients treated with L-T 4
The change in baPWV was significantly and negatively correlated with age and baseline pulse pressure in patients treated with L-T 4 (rZK0.611; PZ0.0034, rZK0.538; PZ0.0096 respectively), but not with the other baseline factors including levels of TSH, FT 4 , antithyroglobulin or antithyroid peroxidase antibodies (data not shown).
Factors associated with the change in baPWV in patients treated with L-T 4
Stepwise multiple regression analysis of the association of baseline clinical variables with changes in baPWV in patients treated with L-T 4 was performed. The analysis included baseline age and pulse pressure, which showed a significant correlation with the change in baPWV. However, these parameters failed to be associated with the change in baPWV during normalization of thyroid function (data not shown).
Discussion
In the present study, we demonstrated that sustained normalization of thyroid function caused a significant decrease in baPWV in female subclinical hypothyroid patients with autoimmune chronic thyroiditis. This finding suggests that this therapy may be beneficial for the improvement of arterial stiffening in female subclinical hypothyroid patients with autoimmune thyroiditis. Since baPWV is not only a parameter of arterial stiffness (9) but also an independent predictor of cardiovascular mortality (10), a decrease in baPWV Table 2 Clinical variables in L-T 4 -treated patients after normalization of thyroid function and in patients receiving placebo after 5 months. Data are expressed as meansGS.E.M. The differences of means before and after normalization of thyroid function in L-T 4 -treated patients and between baseline and after 5 months in placebo patients were assessed by a two-tailed Student's t-test for paired data. ns, not significant; Systolic BP, systolic blood pressure; Diastolic BP, diastolic blood pressure; Total chol, Total cholesterol; LDL-C, LDL cholesterol; HDL-C, HDL cholesterol; baPWV, brachial-ankle pulse wave velocity; PET/ET ratio, pre-ejection time/ejection time ratio; CRP, C-reactive protein.
means improvement in arterial stiffness and may diminish the risk of cardiovascular disease. However, the limitation of PWV measurement is that no comparison of baPWV with structural arterial change had thus far been reported. It remains unclear whether subclinical hypothyroidism is a risk factor for atherosclerosis and treatment with L-T 4 reverses this risk (24) (25) (26) . Monzani et al. reported that subclinical hypothyroid patients have greater IMT, a clinically useful indicator of arterial thickening, and that L-T 4 treatment improves IMT in these patients (7) . There is no clear evidence that subclinical hypothyroidism causes clinical heart disease, but subclinical hypothyroidism is associated with impairment of several cardiac parameters (27) and manifests itself as a left ventricular dysfunction at rest and systolic and diastolic dysfunction during effort, which might explain why subclinical hypothyroidism leads to an enhanced risk for atherosclerosis and myocardial infarction (8) . These cardiovascular abnormalities have been shown to regress with L-T 4 therapy (28). In our previous investigation of the change in baPWV in subclinical hypothyroid patients without thyroiditis who were treated with L-T 4 , the proportion of patients showing a reduced baPWV was higher in females (67.7%) than in males (36.4%) (12), although not in a placebo-controlled study. The present findings also suggest that subclinical hypothyroidism, especially with high baseline baPWV, should be treated to restore normal thyroid function for prevention of atherosclerosis, although we note that the study was restricted to female patients with autoimmune chronic thyroiditis.
The lack of correlation of the change in baPWV with either baseline levels of serum TSH and FT 4 or changes during L-T 4 replacement therapy suggests that thyroid hormone might affect baPWV through indirect mechanisms, rather than directly. Moreover, no significant correlation of baPWV was found with autoimmune antibodies or CRP for either baseline levels or changes during L-T 4 replacement therapy (data not shown), suggesting that inflammatory responses caused by autoimmune thyroiditis did not contribute to an increase in baPWV observed in subclinical hypothyroid patients with Hashimoto's disease. In our and other reports in overt hypothyroidism, CRP has been associated with arterial stiffness (29, 30) . The elevation of CRP in subclinical hypothyroidism is controversial (31) and in this study serum level of CRP exhibited no significant difference between subclinical hypothyroid patients and normal controls. The stepwise multiple regression model failed to find independent factors associated with the change in baPWV, indicating the presence of other factors in female subclinical hypothyroidism. Therefore, further data are required to determine the significance of other factors associated with arterial stiffness in overt hypothyroidism besides CRP, and to elucidate the mechanism through which subclinical hypothyroidism may increase arterial stiffening.
The exact reason for persistently elevated baPWV after normalization of thyroid function is unclear. Since advanced atherosclerosis may not be completely reversible, arterial stiffness could not be improved to a normal level. In addition, short study period may be another reason.
The study period of about 5 months is slightly shorter than the previous 6-month studies of changes in cardiac function or central arterial stiffness by L-T 4 replacement therapy in overt or subclinical hypothyroidism (8, 32) . However, evaluation of the effect of various antihypertensive drugs on baPWV showed that only 3 months were required for a significant reduction in baPWV (the age of the cohort was 71.0G3.0) (13), suggesting the high sensitivity and clinical significance of baPWV measurements over a short time period; even statins reduce baPWV markedly for only 6 months in diabetes (the age of the cohort was 61.7G7.2) (33). However, baPWV after restoration of normal thyroid function in patients treated with L-T 4 was still higher than that of normal subjects followed for 5 months. The length of euthyroid state was quite short (7.46G0.69 weeks), and therefore this may be the reason for lack of normalization of baPWV. Hence, it is of importance to determine whether a longer period of L-T 4 replacement therapy for patients with subclinical hypothyroidism might restore baPWV to the normal range. Although the population is little until now, after more than 3 years of euthyroid state some of the enrolled patients attained age-matched normal standard value of baPWV (during followup study).
In our protocol for L-T 4 replacement therapy for subclinical hypothyroidism, the initial daily dose of L-T 4 of 12.5 mg was increased serially to 18.75 mg/day, 25 mg/day, and maximally to 37.5 mg/day until TSH decreased within normal range. Serum FT 4 , FT 3 , and TSH were checked every 4 weeks during therapy. None of the patients required withdrawal of L-T 4 due to side effects such as arrhythmia, angina pectoris, and hypertension. Moreover, they did not develop suppression of serum TSH values below its lower limit. Therefore, this therapeutic regimen appears to be effective in avoidance of cardiovascular side effects of L-T 4 in the treatment of subclinical hypothyroidism.
In summary, our results demonstrate that the sustained normalization of thyroid function during L-T 4 replacement therapy significantly decreases baPWV in female subclinical hypothyroid patients with autoimmune chronic thyroiditis. This finding suggests that L-T 4 replacement therapy has beneficial effects in these patients, suggesting the improvement of arterial stiffening.
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